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| INTRODUCT TON

Coal has been a principal source ol energy in kastern Kurope and
the USSR for centuries. The presence of substantial high-quality coal
deposits that could be readily recovered typically determined the di-
mensions of economic growth in this area. Efforts to obtain secure sup-
plies of these and other essential raw materials frequently contributed
to the sequence of conflicts that raged over this area. Although in
recent years, a shift away from coal toward other fuels has reduced its
percentage share of total energy supply in the region and in individual
countries, the absolute amount of coal production has continued to grow.
Therefore, knowledge of the coal resources and recoverable reserves in
the USSR and Eastern Europe will provide a perspective for present and

projected future energy requirements,

A. Coal Rank

%
Coals are ranked by the amount of volatile matter they contain.

Common terms for coal rank are:

USSR
and Eastern Europe U.S. Equivalent
Hard coal Anthracite and bituminous
Brown coal Sub~bituminous and lignite
Peat Peat

U.S. Bureau of Mines - rank denotes the degree of progressive altera-
tion and devolatilization of coal,




gl sl e 5
| A more detailed classification system is employed by Soviet workers i
1 lo exprogy quallty characlerisiies of conls ol difreront, rank.  This Hys- ’
r : Fem, hased on {he conls of 1he Donel g and Kuznel sk Geposiles, g COomparod
wilh U.S. duata in Table 13-1, Althoneh this clussilicalion will bhe usced
Table B-1
. A COMPARISON OF CLASSIFICATION SYSTEMS
. t
2 US Equivalent
—— s asent
Soviet System Name and
Volatiles Carbons Description,
Name Symbols (Percent) (Percent) if any i
Anthracite A -~ 8 - i
J . Anthracite i
] Lean T <17 90-95 i I
f " B
|}
Dry steam Ps 12-18 88-94 7 |
Bituminous .
Coking coal K 18-26 87-92 tnot I
(Low-medium
Fatty steam Pz 26-36 84-90 1 yolatile) !
Gassy G 36-44 78-89 Bituminous ,
high
Dry long D ~42 75-86 (hig , !
volatile) i
flame !
: Dry long DB ~>42 <75 Sub-bituminous 4
' flame
Brown coal B >42 : <75 Lignite
i
* J, A, Hodgkins, Soviet Power (Prentice-Hall, In¢., Englewood
== =R et
Cliffs, N,J,, 1961).
t P. Averitt, R., U.S. Geological Survey Bulletin 1275 (1969), '
B
;f _ at times in this appendix, the pPrincipal empnasis will be on the com-

mon terms given above,.
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e e P S = Fa = NGRS
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B. Resources and lleserves

Resources and reserves are two related but separate aspects of the
eénergy raw materials occurring in the USSR and Fastern Europe. These

terms are defined according to the practice of the U.S. Geological Sur-

*
vey.

® Resources are deposits of fuels with known characteristics.
The term includes mineral deposits that have been identi-
fied by geclogists, as well as those less positively identi-
fied in known districts and lesser known areas. Resources
are therefore the amcunts deposited by nature, and ordinarily
will refer to very large numbers.

® Reserves are the relatively smaller amounts of identified
resources that may be recovered economically by present or
foreseeable technology. Reserves are therefore less plenti-
ful than resources. Reserves may be further subdivided by
degree of certainty, and it is common to encounter "proved"
(or "proven"), "probable," or "passible" categories.

To distinguish between resources and reserves is, unfortunately,

not a simple matter, because the USSR employs a different classification

system:
Soviet System of Reserve Classification
Category Description: U.S. Equivalent
A Proved reserves
B Probable reserves
C Inferred reserves
C1 Initial development done
C2 Preliminary exploration done
D Speculative reserves
Dy Reconnaissance data only
Doy Predicted on geclogic principles
Problem: Data often are aggregates of several
categories (A+B+Cl, etc.)
*

"United States Mineral Resources," U.S. Geological Survey Profes-
sional Paper 820, D. A. Brobst and V. P. Pratt, Editors, 1973.
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Although it purports to describe "reserves," this system actually
describes ”resources" 45 used above, because Provision f(or recover-
abllity is not includcd.* Thus, the statistics Eiven in individual
categories of the Soviet c¢lassification will be too great by the amount
of deposits that cannot be recovered, In order to obtain valuers com~
parable to U,S,. reserve data, a recoverability factor must be applied

to the Soviet data. Although in many cases such factors may be found
from the literature, in other cases they may only be estimated on the
basis of experience with similar deposits, leading to an element of un-
certainty in arriving at recoverable reserves of Soviet energy materials,
A further problem is that the Soviets often report reserve (actually
resource) data ag aggregates of several categories (A+B+C, etc.). This
practice complicates analysis of actual recoverable reserves, because

of its inherent uncertainty regarding deposit characteristics, Although
)
great care has been taken to (1) recognize data of comparable degrees

of certainty and (2) analyze them in such a fashion as to facilitate

States. Emphasis has been placed on reserves as defined by the Geo-
logical Survey; less certain or ambiguous Soviet data are classed as
resources, This DPractice, although conservative in some respects, pro-

vides a realistic account of the potential development of energy sources,

The Soviets use the term "minable" in referring to the coal believed

to be worth miaing, not that which can be extracted, See J. A,

Hodgkins, Soviet Power (Prentice—Hall, Inc., Englewood Cliffs, N.J.,
= tL rower

1961) .




oy

II CuAL RESOURCES OF THE USSR

Assessment of the coal resources of the Soviet Union is a complex
statistical puzzle. There are a number of estimates of varying detail,
each purporting to be EEE accurate estimate. All such estimates prob-
ably need to be taken with a certain degree of skepticism, 1In this
work, we shall employ two principal estimates, those of "geological
reserves' and "minable reserves' that were reported by Soviet sources
as of January 1, 1956,* and again on January 1, 1966.T These estimates
are slightly different in detail, as the 1956 estimate (:ited by
Hodgkins) includes both '"geological' and "minable" reserves according
to Soviet standards, while the 1966 estimate mentions only the "minable"
reserves--yet the data in this category and in other categories of
"proved" resources, etc. are virtually identical with those in the
earlier work. For purposes of this analysis, we regard these estimates
as essentially the same. Reliance is pPlaced on these estimates because
of their detail and similarity. However, the situation is complicated
by a more recent, partial '"reserve' estiwate as of January 1, 1968.
This estimate is considered a partial estimate because several coal-
bearing regions included in the earlier estimates are omitted from the
latest figures, We shall employ the more complete earlier estimates as

the basis for evaluation of the 3oviet coal situation.

To place these estimates in perspective, principal features are
compared in Table B-2., 'The table shows that the 1956 and 1966 estimated
total "geological reserves" (resources) of coal in the Soviet Union are

about 8,670 billion tons. In contrast, the 1968 estimate is "oniy"

*
See J. A. Hodgkins, Soviet Power (Prentice Hall, Inc., Englewood
Cliffs, N.J., 1961),

TV. V. Strishkov, "The Mineral Industry of the USSR,'" Minerals Yearbook,

Vol. III. p. 765,/U.S. Dept. of Interior (U.S. Government Printing Of-
fice, Washington, D.C., 1972).

Bl et e
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COMPAKISON OF RECTNT USSR

Table B-2

(8i1lions of

"SOURCE ESTIMATES

"Minable Categorjes A+B+C
; "Geological Ressrves'” Reserves" Hodgkins "Proved”
_ Basin 1/1/56 and 68 1/1/88 1/1/58 and 88 1/1/56 1/1/66 1/1/88
European Part
Donets ‘40.6 128.0 180.0 57.16 39.14 40,5
Moscow 24.3 19.5 17.5 8,89 4,42 5.0
it ] -echorn 344,5 2°4.5 262.4 4,10 6.89 7.9
. | vov-Volyn 1.8 - 1.4 1.65 0.76 -
| Uther deposits 1.6 - 1.5 0.06 0.4 -
Urals
. Kizet 1.06 - 1.06 0.61 0.58 -
Chelyabinsk 1,63 - 1.51 1.37 0,88 -
3 South Ural Basin 1,78 - 1.48 1,56 1.29 -
Other deposits 0.96 - 0.88 0.63 0.29 -
Enst of Urals
i Kuznetsk 905,30 725.0 804,17 70,88 52,51 66.2
Knnsk~Achinsk 1,220.30 801.0 1,207.79 35.00 68.15 72.0
: Minusinsk 36,94 32,5 36.30 2,31 2.68 2.6
Irkutsk 88,90 76.2 67.35 5.17 8.77 7.0
Taimyr 543,50 235.0 511.58 0.25 G.14 0,14
s Tunougka 1,744.77 2,345.0 1,516,02 1.40 1.81 1.9
i South Yakutsk 40.05 22,9 39.66 0.65 2.05 2.58
Karaganda 51,23 51.3 46,55 10,30 7.56 7.8
Ubagani 36.49 61,3 35.40 6.32 8.29 8.2
Ekibastuz 12,21 10.1 10.76 9,11 7.28 7.4
Maikyube: 21,01 5.7 13.42 1.33 .78 1.7
Lena 2,647,24 1,647.0 2,417.98 1,79 2.35 23
. Jureya 25.02 - 24,94 1.08 0.81 B
3 Uglov 1,02 - 0.85 0.65 0.3
Suchan 1.43 - 1.40 0.19 0.2 -
Centrail Asia 40,78 87.6 38.29 3.55 4.3 4.2
i Snkhalin 20,09 - 19.41 2.01 2,08 -
1 Sui fun 1.66 - 1.62 0.37 0.02 -
Other Kazakstan 16,94 - 14,42 1.81 2.40 -
p - 10,0 0.88 -
- 7.2 5.46 -
. 3.8 1.07 -
Other deposits -~ 420.q____ 2,28 -
Total 8,689.3 8,800.0 7,765.3 241,21 237.2 281.0

NOT REPRODUCIBLE

e




6,800 hillion tons; note from the table that resources at several areas
are omitted in the latest cstimate, The latest estimate also differs
I'rom the carlier ones by including lignite only to a depth of 600 meters,

rather than 1,800 meters, as formerly. ‘The 1956 and 1966 estimates of

"minable reserves" are identiecal (differing in original sources only in

rounding). The "proved" reserves from thc several deposits are also
rather similar among the scveral estimatcs, with the exact amounts

frequently varying within likely uncertainties in estimating (10-20
percent). Thus, further support is given for the use of the earlier

estimates &s a basis for analysis,

The total remaining coal resources of the USSR are thus taken to
be 8,670 billion tons. This represents the largest accumulation of coal
in the world, nearly three times as great as that of the United States
(Table B-3). In fact, estimated Soviet coal rcsources within 300 meters
of the surfacc alone (Table B-4) are roughly comparable to the total
remaining U.S, resources Table B-3. Approximately two-thirds of Soviet
rcsources are hard coal, with the remaining third being largely brown

coal,

Table B-3
COMPARISON OF U.S.A. AND USSR COAL RESOURCES

(Billions of Metric Tons)

U.S.A. as percent
of USSR

Total estimated rec- 33%
maining recsources

Proved and probablc 120
resources

Estimated recoverablc
rcserves

¥ SRI estimate.




B S T

Table B-4

SUMMARY OF COAL RESOURCES OF THE USSR
(Billions of Metric Tons)

Remaining Resources Totals

By Degree of Reliability

Proven 241,21
Probable 941.89
Possible 7,486.41
Total 8,669.51 ]

By Depth Zoncs (meters)

0-300 2,351,51
300-600 1,779.88 -
600 -1, 200 2,838.,03
1,200-1,800 1,700.09

By Classification

A& T 1,080.45
PS, K, PZH 1,952.71
G 819,32
D | 1,330.02
DB 474,09
B 3,012.91




Clearly, the apparent coal resources of the Soviet Union are
enormous, However, as Table B-4 shows, these resources are not well-

known: ''proven" and "probable” resources total '

'only" about 1,183
billion tons, roughly comparable to that of the United States. A
principal rcason for this smaller [igurc is that about hall the Sovict
coals occur in remote regions of Siberia, and their extent and character
are not well-known, It may be expected that additional work in these
remote regions will lead to increases in amounts of proved resources.

Even with such work, however, it seems unlikely that the amounts of

proved resources will be changed substantially in the near future.

Distribution of Soviet Coal Resources

Soviet coal resources are distributed among 173 basins and deposits,
which vary greatly in size. Nearly two~thirds of the resources occur
in areas that lack developed industry and have no railroad connection
with the rest of the country. Table B-5 shows the regional distribution
of USSR coal resources, It may be determined from the table that alout
87 percent of total resources occur in Western and Southeastern Siberia
(fourth column in Table B-5) and in Eastern Siberia (fifth column).
Furthermore, four~fifths of these Siberian resources are classed as

"possible,"

the least certain category. 1t is expected that refinements
through further work will change the total numbers only slightly and
that they will still be quite large. Still, these data need to be
approached with some caution to avoid premature conclusions regarding

Soviet development potential.

The next largest coal resources occur in the European, Northeastern,

and Kazakhstan regions, respectively, Again, the bulk of the resources

are only 'possible," and therefore the totals should be employed with

care,

The Caucasus, Urals, Transbaikal, and Middle Asian regions have

the smallest resources, which are likely to be only of local importance.

A full appraisal of the character of Soviet coal resources requires

detailed analysis of the deposits of each region, as described in
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reserves,"

fahle B-6 presents Soviet estimates of "minable" reserves for these
regions,  As noted earlier, these figures include that portion of total
umed to be minable, and do not reflect what

may actually be recovered, It is the actual recoverable reserves that
reserves from the data on handg presents g

Serious problen in analysis, largely because of uncertainty in delinea-
tion of much of the reserves and lack of g3 clear relationship of proved

reserves to depth zones,

credence in them,
sion, and
However, thege earlier estimates are in such gross terms that it is
» and as g result, there

back on the Soviet estimates and thus

berpetuate them,

Even in Soviet terminology, "minable reserves" are not "proven, "
Thus, the estimated recoverable reserves Presented in Table B-6 accord-
ing to conventional American Practice do not necessarily represent the

€rves because they are based on imperfect knowl -
edge of the remaining resources, It jg clearly confusing to deal in ggo

many distinct categories of reserves, each indirectly related (sometimes

U.s. Geological Survey for American coal deposits, The basic assumption

1 Industry of the USSR,
ity, 1965, i

that reserves are only about
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is that coal deposits are largely similar geologically, and that basic
physical relationships such as depth of burial and proportion of thick
cozl scams to the total will be roughly comparable among groups of coal

fields.

Table B-6 presents data for the total estimated remaining coal
resources of the United States, as determined by the Geological Survey,
and also data for the resources occurring at shallow depths. Nearly
30 percent of the total U.S. resources are in thick beds, Employing
the Geological Survey's rule of thumb that about half the resources can
be recovered, the total estimated U.S. recoverable coal resources are

about 180 billion tons,

The table also shows this same procedure applied to estimated
Soviet coal resources, Because of the greater uncertainty about Soviet
deposits, two different depths and a range of seam thickness percentages
are employed. The calculations yield a range of recoverable resources,
each significantly less than the Soviet estimate of "minable reserves'
reported by Hodgkins. Even in the most optimistic case where all coal
less than 600 meter depth is considered and where 40 percent of this
coal is assumed to be in thick beds from which half the coal can be
removed, the total estimated recoverable reserves are only about 10 per-
cent of the Soviet-estimated minable reserves. [In a more likely case
where only coal less than 300 meter depth is included and the propor-
tion in thick beds is assumed comparable to the U.S. situation, the
Soviet recoverable reserves are "only" 352 billion tons, roughly twice
as great as those of the United States.* This figure is regarded as
a far more reasonable value for usable coal than the widely dissemi-

nated estimate of "minable reserves" originating fro. Soviet sources.

In the sections that follow, the procedure outlined above will be

employed in arriving at a new estimate of recoverable reserves of Soviet

This value is more than two times the recoverable reserves calculated
from measured resources (Table B-3). This suggests that additional

exploration work that delineates Soviet coal deposits with greater pre-~

cision will Substantially add to its recoverable coal,

14
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coal deposits. (Exact totals may not compare because of rounding and
provision for special features of individual basins.) The procedure
will be to start from the amount of resources estimated to occur in
stated depth zones (the selection of which will be guided by knowledge
of the deposits). It will be assumed that roughly 3C percent of the
resources in each zone occur in thick beds that can be mined, and
further, that approximately half the resources in these thick beds can
actually be recovered. 'This procedure was applied to data for each
coal basin/deposit in each region in the tables to follow. Table B-7,
a summary of data for each of the regions, shows that this procedure
yields estimated recoverable coal reserves that are from 6 to 8 percent
of the total Soviet "minable reserve" value. These lower values are
regarded as a more realistic representation of the coal deposits that
appear likely of development in the future, Details on each component
estimats are shown in the individual tables and are discussed in the

following sections.

Table B-7

COMPARISON OF ESTIMATED RECOVERABLE COAL RESERVES IN THE USSR
’ (Billions of 7'ons)

Region USSR Estimate SRI Estimate

European Part 506,55 45.03
Caucasus 1.01 0.29
Urals 6.95 1.08
Western & Southeastern Siberia 2,144 .30 122,37
Eastern Siberia 4,699.85 227 to 411
Northeast 183.85 13.55
Transbaikal, Far East, Sakhalin 61.96 5.8

Kazakhstan g 122,53 16.80

Middle Asia 38.29 2.36

Total 7,765,29 434.28
to
618.28




B. Geology of Selected Soviet Coal Deposits

A brief account of the principal geological features of the main
Soviet coal deposits that have experienced development to duie is
presented below. 1The discussion necessarily omits the apparently great
but undeveloped coal resources of the central and castern Siberian

regions. For locations, refer to Figure B-1,

1, Donets Basin
—_

The Donets Basin of the Ukraine dates back to the Carbonif-
erous age (about 500 willion years). It extends roughly east-west in
the region north of the Black Sea. Four types of deposits are recog-
nized; these show a progresstve regional change in rank of coal,
Lignite occurs in the west and represents about 15 percent of the
total; sub-bituminous coal occurs in the west-central area and makes
up 26 percent of the total; bituminous coals in the central area are
12 percent of the total, and sub-anthracite and anthracite in the
southeast make up 28 percent, with "others" contributing the remaining
20 percent. The coal reserves are estimated as occurring to depths of
at least 1,200 meters, although these are characteristically relatively
thin seams (0.45 to 1.2 meters, average 0,95 meters). The numbers of
seams increase toward the cast, but they become thinner. The heating
contents range from 4,840 to 6,500 kilocalories/kilograms (kcal/kg).
Ash contents of the coals are moderate (13 to 20 percent), but sulfur

contents are high (1.8 to 4.8 percent).

2, Karaganda Basin

The Karaganda Basin is also of Carboniferous age. The average
thickness of seams isg 1.8 meters. Important younger deposits of lignite
occur above the main coal deposits., The heating value of coals is only
about 5,320 kcal/kg, and that of lignite about 3,620 kcal/kg. The coals
are low in sulfur content, but high in ash (more than 25 percent). The

deposits have been deformed, representing operating problems,




J.A. Hodgkins, Soviet Power (Prentice - Hall, Inc., Englewood Cliffs, N.J., 1961)

Source:

Figure B-1
COAL BASINS AND DEPOSITS IN THE USSR

i




3. Ekibastuz Deposit

This deposit is relatively small, with coal resources in four
Seams that total 150-175 meters thick, They are high asn content bitu-

minous coals, with heating values of 1,050 kcal/kg,

d, Kuznetsk Basin

The Kuznetsk Basin is a large structural depression with
substantial volumes of sediments. fThe coal deposits are of Permian
age (about 250 million years) and have experienced ae:formation,
Steeply inclined Seams present major operating problems in some parts
of the basin, Coal occurs in a few relatively thick seams, lNLank
rarges from sub-bituminous to sub-anthracite, depending on depth. Ash
and sulfur contents are low, being 1.5 to 18 percent and 0.6 percent,
respectively, The heating value is between 5,990 to 6,830 keal/kg,

and these coals are well=-suited for coking,

5. Pechora Basin

The Pechora Basin of the northern part is an extensive area,
but only part has been explored and developed, The entire basin has
been extensively folded and eroded, with coal seams being often dis-
continuous and inclined, The seams are rather thin (0.3 to 1.3 meters),
Additional operating problems are related to permafrost and associated

ground-water dynamics, The ctoals range in rank from sub-bituminous to

anthracite,
C. Detailed Coal Reserve Data
1, European Part

The European part of the USSR contains five basins and nine
other coal regions or deposits estimated to contain about 75 billion
tons of proved resources, 106 billion tons of probable resources, and
467 billion tons of possible resources, for a total of about 648 billion
tons of remaining coal (Table B-8). The table also shows estimated
résnurce distribution according to depth zonhes, rank classification,

and "minable reserves," as defined according to Soviet practice,

18
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Unfortunately, the table does not bre

ak aown the latter categories to

reveal the amount of broved resources of g given rank occurring at

stated depths, Still, these data arvc useful for the present analysis,

SREU'S estimated recoverable rescrves in the bonets Basin is

about 11,5 billion lons.  This eostimate compares well (o a

*
(January 1, 1971) Soviet sstimate

recent
for Donets coal reserves in

Categorics A + B of aboitt 13,7 billion tons, Considering the many
factors that can lead to incertainty, the agrecment in these e

stimates
(arrived at by completely differ

ent techniques) is regarded as lending
support to the method employed in this work,

The two largest coal basins of this region are the Pechora
and Donets Basins, together representing more than 90 percent of the

total coal resources. Although the Pechora Basin has the largest
apparent resources, most of these arc in the "possible" category, and

therefore somewhat uncertain. The Donets Basin, well-known as an

iwportant source of Soviet coal, has the largest proven resources

(57 billion tons). In each basin, the deposits are of high heating

value and are roughly equivalent to the bituminous coals of the American

Midwest or eastern coal fields. A further similarity is a rclatively

although wuch sul fur occur

be removed through Cleaning,

high sulfur content, S as pyrite that can

The coals of the Donets Basin are generally

seams (less than 1 meter) and are mainly flat lying,
being carried out at an

in thin with mining
average depth of about 430 meters,

The coals of
the Pechora Basin are also flat lying,

but are thicker {(nearly 2 meters),
and arc mined from comparable depths.

The Dnieper (Dnepr), Moscow, and Kama Basins contain brown

coal deposits. The principal proved rcsources occur in the Moscow

Basin, with important amounts also being found in the Dnieper Basin,

These coals have high moisture contents and lower hecating valuc,

but
they are locally important fuel sources,

*
"Economic Regions of the Ukrainian SSR,'
USSR, p. 78, Moscow, 1972,

' Academy of Sciences of the




The remaining decposits are small and do not appear to be likely

targets for development.

'The Soviet minable coal estimates total about 507 billion tons.
However, applying the carlier described procedure, SRI estiwmates that
recoverable reserves are only about 45 billion tons, most of which occurs

in the Pechora and Donets Basins.

Caucasus

The Caucasus region has small coal resources, with the total
in all classes being only about 2 billion tons. These resources are
scattered among scven coal areas, most of which are very small (Table B-9).

Nearly all the resources are hard coal.

The Soviet minable coal estimates are about half the total
resout'ces of 1 billion tons. SRI's estimate is that only about one-
fourth of this total will be recoverable. No matter which estimate is
employed, it represents a relatively small part of the total and will

be of local importance only.

3. Urals

There are five principal coal areas of the Urals, and five
other, smaller coal-bearing regions. The total estimated resources

-~

arc small, only about 7.5 hillion tons in all categories (Table B-10).
Threec~quarters of the resources are brown coal, with the principal hard
coal resources occurring in the Kizel Basin on the western slope of the
Urals. The brown coal has lower sulfur and ash content than does the
hard coal, which requires cleaning and removal of sulfur and ash prior

to usc.

The Soviet minable reserve estimate is 6.95 billion tons for

these coals. SRI's estimate is that only akout 1 billion tons, relatively

evenly distributed over several areas, can be considered recoverable in

this region.
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q, Western and Eastern Sibgvrig

——

A total of siy brincipal cggl basing and cight small basing >
and depositg make up the Western ang kastern Siberian coal repion
(fable p-11), A total or 2,290 billion Lons ol ¢onl resources gpe .
1 eslimated 1o oceur in Lhis region (ror all degrees or 1'ulin|)ilit.y in

estimating), Slightly more than halil o these Tesources aye brown

Ccoal. The largest reserves are ip the Kansk-Achingk Basin, Only about

—E) e

5 percent of the total estimated coal resources are classed as proven,

and most of these occur in the Kuznetsk Basin, Kuznetsk Basin hard

3

coals arc the highest quality coalg in the USSR, with low ash (about
11 percent) and sul fur content averaging 0,5 percent,  These coals are

used cxtcnsively for coking Purposes and are shippeod widely from this

arca,

The Kansk-Achinsk area has the Sccond largest proven Teésources,
which are mainly of brown coal, ‘lhe heating valye of these brown coalg :

is high, and their sulfur content is low, -

The third largest Proven resources arc found in the Irktusk
Basin, where hard coal pPredominates, The Minusingk Basin has the next
largest broven resources, These r'esources are exclusively hard coal,

roughly Comparable to similar coals from other regions,

The Soviet estimated minable Teserves of coal in this areq is
2,114 billion tons, fThe SRL cstimate js that only about 5 percent of t
the total is recoverable Lhrough present tcchnology, for a total of
about 122 billion tons, Most of this coal is in the Kansk-Achinggk

and Kuznetsk Basins, with lesser amounts in the Irkutsk Basin and

other areas,

5. Fastern Siberia

in the USSR, totalling aboyt 5,240 billion tons in a1y degrecs of i
reliability (fTable B-12). These Tesources occur ip five major basins
and in two sSmaller deposits, However, 1egg than 1 percent of the

resources are proven, and nearly a1j are only "possiblce" resources,

24
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Roughly half the total resources (about 2,500 billion tons)

oceur in the Lena Basin, where brown eoal represents more than 1,500

bBillion tons, Ihe remainder is hard coal. Mosl of t(he brown coal

deposits have Fess than o percent sulfur, and tow nsh, Additionatly,
3 . . o

roughly once-third of these coals oceur Less than 300 metors bongeath

Lhe suvtace,

The sccond largest eoal basin, Tunguska, is farther to Lhe
west from the Lena Basin. A total of about 1,700 billion tons of coal
resourees are estimated to oceur in this basin, all of which is hard
coal (of one class or another). Although low in sultur and moisture,
these coals are higher in ash content, Again, about one-third of the

deposits oecur less than 300 meters beneath the surfaee.

The Taimyr Basin has the third largest resourees, roughly
580 billion tons in all classes, These are nearly all hard eoal, but

some brown ecal does occur locally. 1In contrast to the two major eoal

basins of this region, the Taimyr deposits are generally more deeply

buried, with most lying below 300 meters.

The Ust-Yenisey Basin eontains the fourth largest resources,
These are entirely hard eoal , with only about one-quarter the estimatoed

resources oceurring at shallow depths,

! The Soviet minable reserve estimate for this region is truly
enormous, totalling nearly 4,700 billion tons, SRI's estimate is that
the bulk of coal in the Eastern Siberian region is unlikely to be

recovered by present technology; the presence of permafrost in most -

(if not all) the areas of largest coal occurrence represents an important
eonstraint on potentials for coal development, For these regions, there-
fore, it is believed that procedure derived from U,S. deposits for
estimating recoverable reserves is probably not applieable. Aecordingly,
because of the relative uncertainty about deposit eharacteristies (less

- than one-tenth of 1 pereent of the apparent resources are elassed as
"proven") and because of the serious problems confronting developuent

of the deposits, no attempt is made to compute any cstimate of reeover-

iy

i able reserves, Instead, the original Soviet estimate of proved resourees

(; 27




is employed in tnis analysis, ‘and only about 4 billion tons of resources
arc considered likely targets for development in this region for the

foresecable future. 1t might be arpued that Lhvis practice artificial ly

underestimades the conl boltential ol (he oSS, Yel, the concopt of

rescrves implics development with presenl or soon avio lab e Lechnologpy

these resources do not appcar developable by thisg criterion.

Northeast

Coal resources of the Northcast region arc scattered among
some 11 principal arcas and 17 other basins or deposits (Table B-13).
The total estimated coal resources in the region are about 240 billion
tons, ncarly all of which is classed as "possible" resources. Almost
half of the total resources occur in the Zyrmansk area, which has about
three-quarters of the hard coal resources. The remaining deposits are

generally poorly known and rather small,

The Soviet Minable reserve estimate for the Northeast region
is about 184 billion tons. SRI's estimate is that only about 11 billion
tons arc recoverable, with most being located in the Zyrmansk and Anadyr

arcas,

Transbaikal, Far East , Sakhalin

The coal decposits of this vast region occur in a number of
relatively small deposits or coal fields (Table B-14). The total csti-
mated resources are only about 65 billion tons, with roughly 50 billion
tons being hard coal. The largest deposits arc in the Bureya Basin
(25 billion tons) and the Sakhalin deposits (20 billion tons). However,
thesc same deposits have only about 1 and 2 billion tons of proven

resources, respectively, The Sakhalin deposits have the advantage that
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Table B-13 (Concluded)

Arkagalin Bukhta- Kamchatka
Area Ugolnaya Peninsula

By Degree of Reliability

Proven
Probable
Possible

0.85
9.28
229.84

Total 239.97

By Depth Zone (meters)

0-300
300-600
600-1, 200

1,200-1,800

By Classification

Aand T
PS, K, PZH
G

D

DB

B

Minable Reserves

Hard
Brown

Total

SRI Estimate

*

Includes coal to 600 meters depth.
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ncarly hall the total resources occur less than 300 meters bencath the

surface., The remaining deposits are gencrally small and poorly known.

The Soviet wminable reserves eslimate for Lhis region is nearly
62 billion tons. Skl estimates that aboul 6 billion Lons are nltimatety

recoverable, with mest being located in the Burcya Basin and Sakhalin.

8. Kazakhstan . '

Estimated total resources in this region are abuut 110 billion
tons, occurring in some 31 basins and deposits (Table B-15)., More than
halfl the total is hard coal. About hall occurs at shallow deplhs (less

than 300 weters).

The Karaganda Basin contains about 51 billion tons, ncarly all
of which is hard coal. This coal is of high quality, Espccially favor-
able is its low sulfur content (average about 1 percent).  This basin

also has the largest amount of proven resources, about 10 billion tons.

The sccond largest coal resources are the brown coal deposits
of the Ubagani Basin, wherc about 36 billion tons are estimated to occur,
Although less well~known (only about 6 billion tons proven resources),

these deposits occur mainly at shallow depths.

The Maikyuben deposits are the third largest total coal re-
sources of the region, and the sceond largest brown coal deposit, Again,
while fewer resources have been proven, these resources occur primarily

at shallow depths that shoutld facilitate further exploration,

The Ekibastuz hard coal deposits are the fourth largest total
coal resources. They are %he sccond largest proven resources of hard

coal, which has favorably low sulfur and ash contents.
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The Sovie ninable reserve estim (e For thiy POSIOn s ahong
122 billion tons, Qi estimales (ha the recaoverab e Feserves will he
about 17 billioy tons, with most ocenrring in (he Karapandyg, and Ubagran

Basins and in Maikyuben.

Middle Asia
—_— }Sla

Althouph g tnmber of coal deposits oceuy in Middle Asia, they
are small ang widely scaticred (Table 3=16). 1The total cstimated pe-
Sources in all reliability categorics ig only about 41 billion tons,
About threc-fifthg of the resources are hard coal, Roughly onc-quarter
of the resources occuyr at shallow depths, although thig varies among the

Several depositsg of the vast region,

The Soviet estimated minable rescerves of thig region are about
38 billion tons. SRI cstimates that recoverable reserves are only about

2 billion tons, scattered among the scveral deposits ip this region,

y the SRI estimated recoverable
reserves are based on dcposit characteristics. Such g ¢omparison isg
inhorently Uncertain, bceause or different criteria used in arviving gy
the data, Nonetheloss, it is uscful to compare them with o recent Soviet
estimate of the "balance of reserves” (Table B=17). The tanle shows the

following:

SRI's estimate is slightly more Conservative thap the Soviet
cstimate for the basing that have experienced major developmenty
in the past--e.g., Donots, Pechora, Kuznetsk, Kansk—Achinsk,
Karaganda, Ekibastuz, Ubagansk, and Central Asia., Thig Suggests
that relatively small parts of the total deposits in these areasg
might actually be recovered. 1rf the Suggestion isg correct,
Means that the useful life of the most famous coal fields inp the
USSR would be Somewhat 1limiteqd
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SOVIET COAL DEPOSITS:

Table B=17

e, ——— ¢ o ...

COMPARISON OF SRI AND SOVIET ESTIMATES

(Billions of Metric Tons)

Soviet Estimated

SRI Estimated

"Balance Reservesg' Recoverabile

Basins/Deposits (A+B+Cq )* Reserves
Donets 39.1 14.5
Pechora 6.9 1.5
Moscow 4.4 3.7
Kuznetsk 52.5 48.9
Kansk-Agansk 68.2 54.7
Minusinsk 2.7 2.6
Irkutsk 6.8 6.5
Yuzhno-Yakutsk 2.1 2.1
Karaganda 7.6 5.8
Ekibastuz 7.3 1.8
Maikyuben 1.8 1.8
Ubagansk 6,3 1.8
Central Asia d1.3 2.4
Tunguska 1.9 1.4
Lena 2.3 1.8
Taimyr 0.2 0.3

Total ] 214 .4 151,17
*

Soviet estimate

This is equivalent to about 72 per

"balance of

reserves. "
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® SRI's estimates arc within 10-20 percent of the Soviet cstimates
for basins that cither arc gencrally smaller, contain lower grade
coal, or arc remote from industrial or population centers. In
this catecgory arc the reserves of the Moscow Basin (brown coal),
and the remote deposits of Irkutsk, Yuzhno-Yakutsk, and Maikybon,
Thesge deposits may be shallow cnough thal their development
poteritial can be rcadily determined by knowledgecable personncl,

® SRI's estimates of rccoverable coal resources in certain Sovict
coal dcposits are much smaller than thosc from Soviet sources.
In this category are the large remote basins of Tunguska, Lena,
and Taimyr., These basins arc lcast well-known, and the Sovicet
cstimates reflect this lack ol knowledge. 1TL is possible that
thhere may be substantial, ultimately rccoverable rescrves in
these areas, but thesc deposits present scrious technical problems
in development fer the forescecable [uture; hence, the low estimate
of rccoverable rescrves.

Thus, it appears from thesc data that Soviet rescrve cstimates may
imply a hiecrarchy that may not be apparent from the data alone. Soviet-
reported reserves at well-known dcposits seem to be in excess of recover-
able rescrves, perhaps in an attempt to disguisc the actual reserve life
of these fieclds, Smallcr remote deposits arc apparently reported more
accurately in terms ol recoverable rescrves because of their lesscer
importunce (o quality). More remole undeveloped depositls may be inten-
tionally understated in the realization that their contribution to the
total USSR cnergy potential will likely be small for the forescecable

future.

E. Coal Exploration, Mining, and Proccssing Technology

1. Introduction

The state of the art of coal exploration, mining, and processing
technology in the USSR and Eastern Europce is (as is the case elscwhere)
a consequence of many inter-rclated factors. Among these factors are the

traditions and practices of mining and miners in the coal fields of these
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countries; the detailed characteristics of the coal seams and associated
deposits; and the influence of the available industrial hase upon the
level or technolopy that can be routinely applied in coal recovery and
use.  bhach of thesge actors, nnranunuLvly, is olten ditrien Lo
Mmeasure directly even in Lthe best or uircumshunccs; Lthis task is oven
more difficult when the analysis is made [rom afar, Therefore, in the
present work the state of the art of coal development in the USSR and
Council of Mutual Economic Assistance (CMEA) countries has heen assessed
through indirect means, mainly employing publicly available statistical
data pertaining to coal production. ‘The use of production data for
assessment is justifiable because the amount of production achieved from
particular mining methods incorporates data on the several contributing
factors without requiring the factors to be known individually. Pro-
duction data, and productivity data derived from them, are therefore
useful indicators of the level of technology, This approach isg taken to

illustrate the Sseveral stages of coal resource development,
2. Exploration
=t el Ao

Before production can be contemplated or begun, it ig essential
to have thorough knowledge of the quality of the coual deposits, their
character and occurrence, and the quantity of original resources that
can be recovered through development. Exploravion for ccal deposits
requires a systematic and coordinated program of geological, geophysical,
and mining engineering work. Although the geology of coal deposits is
often simple in general, it may be complex in detail, which may sipni-

ficantly affect the attractiveness of deposits for development .

Most exploration Wock entails drilling to intersect the coal
seam for sampling and for providing thickness data as an input into
Teserve calculations, Table B-18 shows data for drilling machines used

in the Soviet coal industry, These machines are generally capable of
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drilling to rc¢latively shallow depths of 25 meters (82 feet) or less,

and appear to be senerally similar (o those used in (he West, al Lhough
SOMC ol thejp chavacteristics cannol be usced for g detailed comparison
with the characteristics of Western cquipmert,

The amount ofr exploratory coal drilling carricd out in the USSR
and CMEA is not reported in a manner comparable to that for oil and gas,
and it is impossibie to state the amount of exploration currently under-
way. Much of such drilling will probably be part of the normal develop-
ment work associated with ¢perating mines, so that isolation of drilling
data will pose a further problem for the estimating process. Much of the
coal exploration in the USSR appears to be concentrated in the currently
worked ficlds of the Ukraine and Central Asia. There is little evidence
ol much work beimg undertaken to improve the knowledge ot the apparently

larger reserves present in the more remote regions of Siberia,

The physiecal properties of coa’ are different frem the surround -
ing rocks--coal is softer and much more brittle. These properties compli-
cate the Ssampling process, because drills are able to cut through coal at
a much faster rate than is possible in rock, Recovery of core samples of
coal is commonly poor, introducing uncertainty into the process of esti-~
mating quality and reserves. In an attempt to avoid this problem, a
deviee has been designed to Ssignal the driller when the drilling rate
increases rapidly upon entry into the coal seam.* Although this device
may be useful in concept, it will] probably be no substitute for the

experience of the operator,

Exploration and development of the principal coal regions of
the USSR are shown in the following sections., These data show that the

Donets Basin is, and has been, a mainstay of the coal industry, producing

*
Razved I Okhrana Nedr, No. 4, p. 21, 1973
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substantial amounts ol harc coal for an extended period. Other deposits
ol the Ukraine alse produce important amounts of hard coal, making this
region the most prolific coal Field f the commtry,  The Kuznetsk Basin
is o third major contributor of huard coal.  Swmaller but still important
awounts of hard coal come from the Karaganda, Eastern Siberian, Pechora,

and Urals Basins.

Production of rrown coal has been centered in the Moscow Basin
and the Urals Basins, which together represent roughly half the total
production. Other basins contribute far less brown coal production to

the total.

As we have secen, the principal coal resources (und recoverable
rescrves) ol the USSR occur in regions remole [rom the centers of popu-
lation where cnergy is consumed. The distance lactor cmphasizes the coal
fields that are located rclatively oear the consuming centers, making the
somewhat smaller resources of the European and Ural coal fields assume
major importance. Historically, and continuing to the present day,
nearly two-thirds of Soviet coal production has come from thesc western
coal ficlds. The remaining production has come mainly from the Kuznetsk

and Karaganda Basins of the southern Siberian region.

3. Mining

Table B-19 shows cstimated coal reserves in the Scviet Union by
mining method (USSR coals are mined by both surface and underground
methods). The total A + B + C reserves are employed as a baseline lipure.
With one exception, these data are determined as of January 1, 1966; it
is assumed that ihe estimates include coal recoverable from all mining
methods. Data for developed strippable reserves as of January 1, 1969
were compiled under the working assumption that "developed" reserves

would be roughly cquivalent to "proved" reserves included in the more
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general categories. Strippable rescrves represent only about 6 percent
ol the total best-known reserves, with the bulk ol these deposits re-
quirving deep mining.  Most sbrippable rescerves are in (he Kansk=Ach insk
arca and are exclusively brown coal.  ‘The second tarpest strippablo
regerve is in the hard coal deposils of the Kuznetsk Basin, and the
third largest strippable reserve is in Lhe hard coals of Kazakhstan and
central Asia, Soviet estimates of the "maximum possible" production of

coal by surface mining is shown in Table B=-20,

There has been a strong increase in surface mining in recent
years, rising from only about 4 percent of total production in 1940 to
27 percent in 1970, Figure B-2 shows trends in coal production by
mining method. The present status of coal mining technology in the USSR

will be described separately for each mining method.

Table B-=20

"MAXIMUM POSSIBLE" SURFACE MINE COAL PRODUCTION

Praoduction
Basin (Million Tons)
Kuznets 208
Minusinsk 54
Kansk-Achinsk 1,065
North Kazakhstan 265
Western Siberia 109
Far East 110
Total 1,800

Source: Ugol, No., 7, 1971,
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Mining Equipment

The trends in numbers of coal wining wachines being usced in

whe USSR are shown in Table B-21. TPor deep mining, thore has been rapid
. =T . oL, . "
crapid growth over the last years in the usc of mining combines (long altl

mining), which dominate in production. Similar growth in "entry-driving
combines" (coatinuous mining) has occurrcd durirg the samc pcriod. These
highly mechanized mining methods have rceplaced the more conventional
methods, evidenced by the decline in numbers of cutting machines and
leaders., Drag conveyors arc still cxtensively employed in haulage, al-

though belt conveyors and locomucives remain important,

These trends parallel those of the U.S. coal industry during
the same period. In contrast, however, the U.S. coal industry has
emphasized continuous mining, and longwall mining is a rclatively small
part of total production in the United States, although it has been
increasing in recent ycars. Longwall mining is especially well-suitced
in mining coal from level seams of uniform thickness, providing an
indircet indication of the cheracter of coal seams now under deveclopment
in the USSR. Probably, longwall systems are being used in somc of the
newer ficlds, and the conventional mining mecthod continues to be employced
in some of the older fields or in thosec where the coal has been disturbed
by (olding or [anlting. USSR longwall systews desceribed in typical
publications appear to be more complex mechanically than those usced in
the Wcst,* apparently in an attempt to reduce operating manpower requirc-
ments and improve productivity. llowever, the longwall systems in the
USSR are limited to seams less than 3.5 mcters (11.5 fect) thick, and
work is in progress to mine thicker scams in one pass. Another problem

appcars to be posed by the supporting capacity or longwall roof suppori s,

*
See, for example, Ugol, No. 5, p. 37, 1973 and Razrabotka Mestorozhdenii

Radioaktiunykh Rvd, p. 1298, Moscow, 1970,
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estimated to bte less than one=third of thosc used in the West. The
problem appecars to be related to the hydraulic system thatl operates the

supportls, and represenls an area ol Purther ongineering work.

Detailed teehwieal characteristies ol tongwal I mining cquipment
cmployed in the USSR arce shown in Tables B=23, B-23, B=21, and B-25.
These data, taken from Vorobjev and Deshmukh,T indicate that a family of
longwall machines has been developed for relatively mechanized coal
mining in a varicty of scam conditions. The development of several types
ol machiunes for each scam-thickness range indicates the diversily and

scope ol the Soviel coal-mining cquipment industiry.

Work is also in progress to employ pneumatic breaking of coal
as a substitute for blasting.* The pneumatic method appears to be similar
to the compressed air coal bresiing used in conventional U.S. mining.
Thus, regardless of the developments in continuous mining and longwall
mining, conventional mining systems will continue to be required for the

recovery ol coal [rom certain types of cdeposils,

The technical progress in Sovict deep mining may be illustrated

by reports for the "Donbass" (Doncts Basin) and "Kuzbass" (Kuznetsk Basin).

e Donbass. ''The Donbass combinate is successfully incorpora-
ting the new progressive mining techniques."§ As a result
the number of working faces decreased 7.8 percent, and the
number of faces equipped with new technology increased 12
percent. The production from narrow-wcb (longwall) machines
rose from 9.9 million tons in 1970 to 12.8 million tons in
1972, and the amount of coal from highly mechanized faces
rose from 2.4 to 5.1 million tons in the same period.

* Ugol, No. 5, p. 37, 1973

¥ B. M. Vorobjev and R, T. Deshmukh, Advanced Coal Mining, Vol, I and II

(Asia Publishing House, New York, N.Y., 1966).

% Ugol, No. 5, p. 68, 1973,

§ Ugol, No. 5, p. 9, 1973. .
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lHowevar, thin scams remain Lo be mechanized efficiently

in contrast Lo Lhe developments of recent .S, technolopy,
o the vssi, "ine[‘l'icient modern cquipment” stows down work
in Lthin scaws, Thus, while conl seans tess Lhan | omeee
Lhick constlitute 63 percent ol Lolal resceves, their aclnnd

sharve i production s only L3 porcent,

Kuzbass, Concentration or mining cnterprises and installa-
tion of new longwall equipment was undertaken in the early
1970s.* Production of coal in mechanized faces reached
11.9 million tons in 1972, representing 46.7 percent of the
total coal production. Multiple-Iayer longwall mining is
reported for the V.I. Lenin mine, in a scam 9-10 meters
thick, Nevertheless, there remains excessive manual work,
even in the mechanized mines, which ”significantly cuts the
productivity,"

Representative productivity data for principal coal fields of

the USSR are shown in Tables B-26, B-27, B-28, and B-29,

Table B-26 represents a summary of coql production by different
types of lougwall deep mining equipment in major coal basins. These data
arc useful to indicate the overall coal output achievable under the stated
conditions, Unfortunately, it is not possible to convert these data to
productivity per man-day for comparison with U.S, statistics, owing to a

lack of information on the workforce at these mines.

The data in the following tables, however, shed some light on

the productivity questicn,

Table B-27 shows that the productivity ol ceal basins in the

USSR averages about 330 tons per working face per day as of 1970. 1n
contrast, a typical U.S. Tace crew would produce at least 500 tons per
day (or more if longwall systems were used). The productivity from the
Karaganda and Pechora Basins is nearly double the average figure, and is

attributable to the practice of surface mining,

* Ugol, No. 5, p. 3, 1973
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Table B-27

INCRFASE OF LOADING ON WORKING FACE
(Tons per Day)

Loading on Working Face

1960 1965 1970
Department of Coal Industry of USSR 197 253 331
Basins
Donets 198 245 313
Kuznets 196 255 312
Karaganda 367 447 602
Pechora 298 420 594
Podmoskorskyi 182 232 373
Table B-28 :
AVERAGE LOADING AND PRODUCTIVITY ON WORKING FACE
Average Loading Avirage Labor Produc-
m Working Face tivity on Working Face
___(tons/day) (tons/output)
Percent Percent
1965 1970 variation 1965 1970 Variation
All working faces (WF) 253 331 +27.8 5.18 6.35 +22,6
In Btu number
WF with coal loading 262 367 +40,2 5.23 6.66 +27.4
Complexity mechanized 44Z 710 +60.7 10.47 13.68 +30.7
WF
WF with narrow grip 464 452 - 2.5 6.30 6.62 + 5,0
WF with wide grip 252 280 +11.0 4,95 5.08 + 2,5
WF without coal loading 230 212 -7.8 5.35 5,37 -
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B-28 shows q kseneral increasce in average labor productivity,

especially for the most mechanized faces, over the last five years,

Table B~29 shows g comparison in length of working face, Speed
of advance, and productivitx for the najor producing basins, Although
the working face has lengthened and the speed or advance has increased
in al} basins, the productivity cithep has remained cssertially the same
(Done tsg, Podmoskovskyi) or has actually declined, This Suggests that the
manua. or sel-up time counteracts mechanical improvements and tends to

constrain actual productivity,

The average working thickness or coal seams mined was 1,32

——

ueters, The average depth of deep wmines was about 360 Meters, with the

minimum working depth heing 1,150 meters, Most deep mine Production was
[rom longwall mining (85 bercent), followed by continuous mining, room
and pillar, and other methods with relatively small production, The
average longwall 1engbh was 120 Meters, and the average advance of the
face was about 38 meters pPer month, The average capacity of each long-

wall section was 354 tons per day,

Longwall m'ning has been plagued by problems. Difficulties
with equipment, lack of rail cars, and opcrating problems have acted
against the inecreased broductivity achievable iy longwali methods., The
productivity of nharrow-weh longwall systems was one~third to one-hglf
behind planned levels, with up to 70 percent or equipment being inopera-
tive for extended periods. Poor quality of cquipment angd shortages of

Spare parts have led to shutdowns of Several sections for as much as one-~

third of operating time,

For surface mining, the data Suggest an even more rapid growth f

than in deep mining, Evidence of this growth ig shown by the increase i

in mining equipment noted earlier in Table B-21, It was reported* that

* Ugol, No. 7, 1971,
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as of January 1, 1971, the USSR containcd 68 surface coal mines producing
163 million tons. This production was broken down by size of mine as
tollows:

Number of Surflacce Outpul Capaclltly,
Coal mines (willion tous/yecar)

10
13
a5
Total 68
Clecarly, most surface coal mines in the USSR are enormous (the largest

U.S. surface coal mine is about 8 million tons, with the majority being

less than 2 million tons).

The choice of equipment used for surface coal mining in the
USSR differs from typical U.S. practice. It is estimated that bucket
wheel excavators account for about 14 percent of Soviet-produced coal in
1970 and that this percentage will incrcasce to 66 percent by 1985, This
is an ambitious target. Buckel wheel excavalors are complex machines
that are capable of high production rates it applied to suitable condi-
tions. However, most U.S. miners are reluctant to tie up so much pro-
duction capacity in any one machine, and prefer to employ smaller power
shovels and loaders that offler greater flexibility in the event of

equipment failure.

tMany of the differences in equipment preference between the
USSR and U,S. surface coal operators appear to stem from contrasting
development approaches. In the United States, the tendency is to mini-
mize original capital investment, whereas in the USSR they seem to prefer

reduction of operating manpower while tolerating an increased maintenance

labor force. Regardless of these differences, however, the USSR has

substantially increased its capacity for coal production by surface

mining and appears likely to continue to do so in the future. Whatever
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the Soviets c~n attain (or even close!v approach), the targets set for

stuch development remain an important question whose answer is uncertain.

In 1970, the average surface mine output in the USSR was 2,26
million tons per year, and the average labor productivity was 288 tons
per man-month, The highest productivity was attained by mines that use
a direct dumping system and do not require transportation. The average
cost of surface mined ccal was 2.72 rubles, while the average cost of
excavating 1 cubic meter was 0.43 rubles., | the official rate of ey~
change were to bhe useil as a standard of comparison, these costs would
be virtually identical to those in modern U.S. surface mines; however,
caution is required in such a comparison, owing to uncertainty about the

actual exchange rate,

The USSR has done long range planning for surface coal mines,
Some results from this work are sumﬁarized in Table B-30.* Prcduction
is expected to roughly trible by the year 2000--a goal expected to be
achieved by more than tripling average mine output and worker productivity
through a major effort to employ bucket wheel (or "rotary") excavators,
Such machines are used very effectively in West German coal fields where
the digging is easy, but the successful transfer of this technology to
other coal fields (especially those of the United States) has been dis-
appointing, If the USSR i1s unable to employ bucket wheel eXcavators in
mining its coal to the degree anticipated, productivity goals will
probably not be met, and hence, production targets will probably be
missed. The degree to which the bucket wheel technique can be adapted
to meet the special conditi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>